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r™« Inference t" p » latpH Application 

0 S Paten, Applicant » No. 08/620,61, entitled, ■•PLASTICIZED, ANTIPLASTICIZED 
AND CRYSTALLINE CONDUCTING POLYMERS AND PRECURSORS THEREOF and 
U S Paten, Application Serial No. 08/620,6,8 enmled, "POLYCRYSTALLINE 
CONDUCT ^POLYMERS AND PRECURSORS THEREOF HAV1NO ADJUSTABLE 
MORPHOLOGY AND PROPERTIES", the teachings of which are incorporated herem by 
reference. 

This application claims priori* from Provisional Application Serial No. 60/007,688 fled 
November 29, 1995. 

pTET n fYF THE TNVKNTION 

me present invenuon is directed «o methods of fabricating crystalline electricaUy conductive 
precursors and crystalline eledcally conduct polymers .hereof and applications hereof. 

RATTC GROUND 



E1 ectricaUy conductive organic polymers emerged in the ,970, as a new Cass of 
aerials These materials have the potential of combining the electronic and magnettc 
^es of me*,s with the light weight, Posing advantages, and physica, and mechamca, 
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properties characteristic of conventional organic polymers. Examples of electricaUy conducting 
polymers are polyparaphenylene vinylenes, polyparaphenylenes, polyanilines, polythiophenes, 
p„.yazines, polyenes, polythianaphthenes polypyrroles, polyselenophenes, poly-p-pheny.ene 
sulfides, polyacetylenes formed from soluble precursors, combinations thereof and blends 
thereof with other polymers and copolymers of the monomers thereof. 

These polymers are conjugated systems which are made electrically conducting by doping. The 
doping reaction can involve an oxidation, a reduction, a pronation, an alkylate, etc. The 
non-doped or non-conducting form of the polymer is referred to herein as the precursor ,„ the 
electrically conducting polymer. The doped or conducting form of the polymer is referred to 
herein as the conducting polymer. 

Conducting polymers have potential for a large number of applications in such areas such as 
electrostatic charge/discharge (ESC/ESD) protection, electromagnetic interference (EMI) 
shielding, resists, electroplating, corrosion protection of metals, and ultimately metal 
replacements, i.e. wiring, plastic rnicrocircuits, conducting pastes for various interconnection 
technologies (solder alternative), etc. Many of the above applications especially those reoumng 
high current capacity have no, ye, been realized because the conductive of the processible 
conducting polymers is no, yet adequate for such applications. 

To date polyacetylene exhibits the highest conductivity of all me conducting polymers. The 
reason for mis is that polygene can be synthesized in a highly crystalline form (crystalhntty 
as high as 90% has been achieved) (as reported in Macromolecules, 25, 4106, 1992). Thrs 
highly crystalline polyacetylene has a conductivity on the order of .0' S/cm. AHhough tins 
conductive is comparable to that of copper, polyace^.ene is no, technologically apphcab.e 
because it is a non-soluble, non-processible, and environmentally unstable polymer. 



YO995-049XB 



The polyaniline Cass of conducting powers has been shown ,o be probably the mos, suited 
„f such materials for commercial applications. Great strides have been made in makmg the 
material quite passable. It is environmentally stable and allows chemical flexibility whtch 
in mm aUows tailoring of its properties. Polyamline coatings have been developed and 
commercialized for numerous applications. Devices and batteries have also been constructed 
with this material. However, the conductivity of this class of polymers is generally on the low 
end of the metallic regrme. The conductivity is on the order of 10° S/cm. Some of the other 
soluble conducting polymers such as the polythiophenes, pdy-para-phenylenevinylenes exhrbtt 
conductivity on the order of 10* S/cm. It is therefore dcsiraWe to increase the conducts of 
the soluble/processible conducting polymers, in particular the polyamline materials. 

The conductivity (o) is dependent on the number of carriers (n) se, by the doping level, the 
charge on me earners <q) and on the interchain and inhachain mobility (u) of me earners. 

a = n q |i 

Generally, n (the number of carriers) in these systems is maximized and thus, the conductivity 
is dependent on the mobility of the carriers. To achieve higher conductivity, the mobility » 
these systems needs to be increase.. The mobility, in torn, depends on the morphology of the 
polymer The intrachain mobility depends on the degree of conjugation along the chant, 
presence of defects, and on the chain conformation. The interchain mobility depends on the 
interchain interactions, the interchain distance, the degree of cystallinity, etc. Increasing the 
crystallinity results in increased conductivity as examplified by polyacety.enc. To date, ,t has 
pr „ven ouite difficult to attain polyaniline in a highly crystalline state. Some crystalling has 
been achieved by stretch orientation or mechanical deformation (A.G. MacDiarmid e. a. » 
Synth Met 55-57, 753). In these stretch-oriented systems, conductivity enhancements have 
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been observed. The conductivity enhancement was generally that measured parallel to the 
stretch direction. Therefore, the conductivity in these systems is anisotropic. It is desirable to 
achieve a method of controlling and tuning the morphology of polyaniline. It is desirable to 
achieve a method of controlling and tuning the degree of crystallinity and the degree of 
amorphous regions in polyaniline, which in turn provides a method of tuning the physical, 
mechanical, and electrical properties of polyaniline. It is further desirable to achieve highly 
crystalline and crystalline polyaniline and to achieve this in a simple and useful manner in order 
to increase the mobility of the carriers and, therefore, the conductivity of the polymer. It is also 
further desirable to achieve isotropic conductivity, that is conductivity not dependent on 
direction as with stretch-oriented polyanilines. 



OBJECTS 



It is an object of the present invention to provide a method to fabricate electrically conducting 
polymer precursors and electrically conducting polymers having adjustable morphology. 

It is an object of the present invention to provide a method to fabricate electrically conducting 
polymer precursors and electrically conducting polymers in which the degree of crystalline 
regions and the degree of amorphous regions is adjustable. 

It is an object of the present invention to provide a method to fabricate electrically conducting 
polymer precursors and electrically conducting polymers having adjustable physical, 
mechanical, and electrical properties. 

It is an object of the present invention to provide a method to fabricate a crystalline electrically 
conducting polymer precursor and crystalline conducting polymers. 
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It is another object of the present invention to provide a method to fabricate highly crystalline 
conducting polymer precursor and crystalline conducting polymers 

It is another object of the present invention to provide a method to fabricate an electrically 
conducting polymer that exhibits enhanced carrier mobility. 

It is another object of the present invention to provide a method to fabricate an electrically 
conducting polymer which exhibits enhanced conductivity. 

It is another object of the present invention to provide a method to fabricate an electrically 
conducting polymer which exhibits enhanced isotropic conductivity. 

It is another object of the present invention to provide a method to induce a plasticization effect 
in electrically conducting polymer precursors and electrically conducting polymers. 

It is another object of the present invention to provide a method to fabricate an antiplasticization 
effect in electrically conducting polymer precursors and electrically conducting polymers. 

It is another object of the present invention to add an additive to a precursor or an electrically 
conductive polymer to induce enhanced mobility. 

It is another object of the present invention to add an additive to a precursor or an electrically 
conductive polymer to induce an enhanced degree of crystallinity. 
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It is another object of the present invention to provide a method to fabricate a precursor or 
electrically conductive polymer which has an enhanced degree of crystallinity without being 
stretch oriented. 

It is another object of the present invention to provide a method to fabricate a precursor or 
electrically conductive polymer which has increased glass transition temperature. 



or 



It is another object of the present invention to provide a method to fabricate a precursor 
electrically conductive polymer which has decreased glass transition temperature. 



It is another object of the present invention to provide a method to fabricate a precursor or 
electrically conductive polymer which has enhanced mechanical properties. 

It is another object of the present invention to provide a method to fabricate a precursor or 
electrically conductive polymer which has decreased mechanical properties. 

STTMMARY OF THF. INVENTION 

A broad aspect of the present invention is a method of forming an admixture of a solvent, an 
additive and a polymer selected from the group consisting of a precursor to an electrically 
conductive polymer and a electrically conductive polymer wherein the solvent is removed or 
partially removed and the additive provides local mobility to the polymer to allow the polymer 
chains to tightly associate with one another to achieve a high crystalline state. 

In a more particular aspect of the present invention is a method of forming an admixture of a 
solvent, an additive and a polymer selected from the group consisting of a precursor to an 
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electrically conductive polymer and an electrically conductive polymer wherein the solvent is 
removed or partly removed and the additive provides a plasticization effect. 

In a more particular aspect of the present invention is a method of forming an admixture of a 
solvent, an additive and a polymer selected from the group consisting of a precursor to an 
electrically conductive polymer and an electrically conductive polymer wherein the solvent is 
removed or partly removed and the additive provides an antiplasticization effect. 

dptef nPSPBTPTTON ™ THF DRAWINGS 

Further objects, features, and advantages of the present invention will become apparent from a 
consideration of the following detailed description of the invention when read in conjunction 
with the drawings FIG'S, in which: 

Fig. 1 is a general formula for polyaniline in the non-doped or precursor form. 



Fig. 2 is a general formula for a doped conducting polyaniline. 

Fig. 3 is a general formula for the polysemiquinone radical cation form of doped conducting 

polyaniline. 

Fig 4 is a Gel Permeation Chromatograph (GPQ of polyaniline base in NMP (.1 %). GPC 
shows a trimoda, distribution- A very high molecular weight fraction (appro, 12%) and a major 
peak having lower molecular weight. 
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Curve 5(a) is a Wide Angle X-Ray Scattering (WAXS) spectrum for a polyaniline base Ann 
processedftomNMP. - polymer fdm is essenrtaUy amorphou s. Curve 5(b) is a W, e Ang, 
X-Ray Seating spectrum f or a polyaniline base film that has been stretch-oriented 0/!o=3 . ). 
™. mm was derived from a gel. Curve 5(c) is a Wide Angle X-Ray Seating spec^m for 
pdyaniline base fdm containing 10% of poly-cc-dimethy! propylamine si.oxane. Thrs film 



a 

is highly crystalline 



Rg 6 is a Schema*, diagram of a polycrystaUine material as taugh, in present invention having 
crystalline regions (outUned in dotted rectangles) with intersticia, amorphous regrons 

Fig , is a Dynamic Mechanical dermal Analysis (DMTA) plot for polyaniline base film cast 
from NMP. (First Thermal Scan; under Nitrogen). 

Fig 8 is a DMTA plot which represents the second thermal scan for a poiyaniline base film 
residual solvent. 

Fig o is a DMTA plot for polyaniline base film cast from NMP and containing 5% 
pCy-oo-dimethy! aminopropyl sdoxane (5% N content). Firs, Thermal Scan. 

Fig .OisaDMTApiotforpoly-nebasefilmcastftomNMPandcontainingS"/. 

, ■, a „ P(5 %N content) Second Thermal Scan (this same film 
poly-co-dimethyl aminopropyl siloxane (5 /. N content,, a 
was previous* scanned as shown in Fig. 9) Finn Contains no residua, solvent. 

Fig „ is a GPC for a poiyaniline base s„,u«on in NMP containing 5% poly-co-dimethyl 
aminopropyl suoxane by weight to polyaniline. The polyaniline was .1% in NMP. 
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nFTATTED DE SCRIPTION 

The present invention is directed toward elecnically conducting polymer precursors and 
conducting polymers having adjustable morphology and in turn adjustable physical, mechanical, 
and electrical properties. The present invention is also directed toward controlling and 
enhancing the 3-dimensional order or crystallinity of conducting polymer precursors and of 
conducting polymers. In addition, the present invention is directed towards enhancing the 
electrical conductivity of conducting polymers. This is done by forming an admixture of an 
electrically conducting polymer precursor or an electrically conducting polymer with an adchtwe 
whereby the additive provides local mobility to the molecules so as to allow the conducting 
polymer precursor or conducting polymer chains to associate with one another and achieve a 
highly crystalline state. An example of such an additive is a plasticizer. A plasticizer is a 
substance which when added to a polymer, solvates the polymer and increases its fed**, 
deformans, generally decreases the glass transition temperature Tg, and general, reduces the 
tensile moduhts. In certain cases, the addition of a plasticizer may induce antiplasticization, that 
is an increase in the modulus or stiffness of the polymer, an increase in Tg. Herein the addmves 
provide a plasticization effect, an antiplasticization effect or both effects. 



can 



Examples of polymers which can be used to practice the present invention are of substituted 
and unsubstituted homopo.ymers and copolymers of aniline, thiophene, pyrrole, p-phenylene 
sulfide, azines, selenophenes, tans, thianaphthenes, phenyiene vinylene, etc. and the 
substituted and unsubstituted polymers, polyparaphenylenes, polyparaphenylevevinylenes, 
polyanilines, polyenes, polythiophenes, poly-p-phenylene sulfides, polyfuranes, polypyrroles, 
polythianaphthenes, poiyse.enopbenes, polygenes formed from somble precursors and 
combinations thereof and copolymers of monomers thereof. The general formula for these 
polymers can be found in U.S. Patent 5,198,153 ,„ Angelopoulos e« al. While the present 
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mention wiU be described with reference ,o a preferred embodiment, i, is not limited hereto. 

other embodiments. One type of polymer which is useful to practice me present invention ,s 
a substituted or unsubstituted polyaniline or copolymers of poiyaniUne having genera, formula 
shown in Fig. 1 wherein each R can be H or any organic or inorganic radical; each R can be 
4. same or different; wherein each R 1 can be H or any organic or inorganic radical, each K> 
can be the same or different; x , 1; preferable x , 2 and y has a valne from 0 to 1 . Examples 
of organic radicals are alkyl or aryl radicals. Examples of inorganic radicals are Si and Oe. 

form of the polyaniline wherein y has a vaiue of approximateiy 0,. The base form is the 
n0 n-doped form of the poiymer. tte non-doped form of poiyaniUne and me non-doped form 
of the other conducting polymers is herein referred to as -he electrically conducting polymer 

precursor. 

„ Fig 2, polyaniline is shown doped with a dopant. In this form, the po,ymer is in the 
cations, for example, an alkyl group or a metal. 

QA can be a protic acid where Q is hydrogen. When a protic acid, HA, is used to dope the 
polyaniline, the nitrogen atoms of the imine par, of the polyaniline are protonated. The 

in Fig. 3. 
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The emetine base form of polyaniline is soluble in various organic solvents and in various 
aqueous acid solutions. Examples or organic solvents are dimethylsulfoxide (DMSO), 
dimemylfonnamide (DMF) and N-methylpyrrolidinone (NMP), dimethylene propylene urea, 
tetramethyl urea, pyridine, toluene, xylene, m-cresol, phenol, dimethylacetamide, 
n-cyclohexylpyrrolidinone, aqueous acetic acid, aqueous formic acid, pyrrolidine,^ 
dimethyl propylene urea (DMPTJ), benzyl alcohol and water, etc. 

This us. is exemplary only and no, limiting. Examples of aqueous acid solutions is 80% acetic 
acid and 60-88% formic acid. This list is exemplary only and not limiting. 

Polyaniline base is generally processed by dissolving the polymer in NMP. These solutions 
exhibit a bimodal or trimodal distiibution in Gel Permeation Chromatography (OPC) as a result 
of aggregation induced by internal hydrogen bonding between chains as previously described 
U S patent application serial no. 08/370,,28, filed on January 9, .995, the teaching of whtch 
.tporated herein by reference. The OPC curve for typical polyaniline base in NMP ,s 



in 

is incoi 
shown in Figure 4. 



Polymers in genera, can be amorphous, crystalline, or partly cystalline. In the latter case, the 
pdymer consists of crystalline phases and amorphous phase, The morphology of a polymer 
is very important in determining the polymer's physical, mechanical, and electronic properties. 

Polyaniline base films processed from NMP either by spin-coating or by solution casting 
techniques are amorphous as can be seen in Figure 5a which depicts the Wide Angle X-Ray 
Scattering (WAXS) spectrum for mis material. Amorphous diffcse scattering is observed. 
Some crystallinity is induced in these films by post processing mechanical deformation 
especially if these films are derived fromgels as described by A.G. MacDiarmid e. al in Synth. 
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Met 55-57, 753 (1993). WAXS of a stretch oriented film having been stretched (l/lo=3.7X) 
derived from a gel is shown in Figure 5b. Some oystaUinitv has been induced as compared 
,o the non-stretcb oriented films as evidenced by the defined scattering peaks. 

Doping the amorphous poiyaniline base films (those having structure shown in Figure 5a) with 
aqueous hydrochloric acid resuhs in isotropic conductivity of 1 S/cm. Such films are no. 
crystalline. Similar doping of stretch oriented fihns results in anisotropic conductive where 
conductivity on the order of W S/cm is measured parallel to the stretch direction whereas 
conductivity on the order of W S/cm is measured perpendicular to the stretch direction. It 
should also be noted mat some level of crysullinity is lost during the doping process in these 
films. 

According to the present invention, the interchain (polymer chain) registration is increased as 
compared to a stretch oriented film. 

Figures 7 and 8 show the dynamic mechanical thermal analysis (DMTA) specttum for a 
p„ lya ni.ine base film processed from NMP a.one. Figure 7 is me firs, scan where a Tg of 
approx 118 is observed as a result of the residua! NMP which is present in the film. Ftgure 
8 is the second thermal scan of the same film. This film has no residual soiven. and a Tg of 
=251 °C is measured for the polyaniline base polymer. 

When a, additive such as a plasties, such as a poly-co-dimethyl propylamine siloxane, is 
added to the poiyaniline base complete., different properties and morphoiogy is observed. The 
sil „xane has a polar amine group which faciiita.es the miscibility of me polyaniiine base and 
the plasticize, The DMTA of a polyaniiine base fihn cas. from NMP and confining 5% by 
weigh, to polyaniline of the po.y-co-dime.hyl propyl amine siloxane exhibits a .ower Tg on me 
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fa, farma, sea, as compared ,o polyanUine base processed from NMP alone (Figure 9) as a 
result of plasticisation induced by the siloxane. However, ou fa second farmal scan of fa, 
film (Figure 10), Ore polymer exhibit an increase m Tg as compared .0 polyaniUne processed 
from NMP. When the polysiloxane is added .0 a so.u,ion of po ly anUine base, the siloxane due 
to fte polar amine group can interact with the polymer chains and disrupt some of the 
^aniline interactions with itseif or some of.be aggregation. Thus, fa poiysi.oxane firs, 
induces some deaggregation. However, .be polysiloxane has multiple amine sites and thus, ,. 
can itseif hydrogen bond with mu,tiple polyanUine base chains and thus, the poiysiloxane 
facihta.es fa formation of a cross-linfced network. This crossed network accounts for the 
increased Tg observed in fa DMT A. Tg is characeristic of the amorphous regtons of a 
polymer and in mis case fa amorphous regions consist of a cross-linked 
pCyaniline/polysiloxane netwo*. Thus, fa polysiloxane is inducing an antiplasticization effect 
inp „,vam.inebaseasfaTgisincreased. Genera,,, piasters reduce Tg. GPC da. (Figure 
„) is consistent with mis mode,. The addition of fa poly-amino containing sUoxane to a 
tannine base solution in NMP results in a significant increase in fa high molecular weigh, 
(tactions depicting fa cross-hnked network which forms between poiyaniline and fa 
plasticizer. 

„ addition ,0 fa cross-linked network fa siloxane induces in fa amorphous regions, 
wnc „mi«an.ly i. also is found * induce signify, levels „, canity in polyanUine base 
. a resul. of fa ,ocal mobility fat i. provide, Figure 5c shows fa WAXS for a po,yan,„ne 
base fum processed fromNMP containing 10% of fa poly amino containing siloxane. As can 
be seen highly crystalline polyanUine has been atained. Much higher leve,s of crystal,*,* as 
compared to figure 5b for fa sttetch oriented films. 
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Thus polyaniline by the addition of the siloxane forms a structure depicted in Figure 6 where 
online regions of highly associated polyaniline chains (outlined by a rectangle) are formed 
with interstitial amorphous region, In most cases, the additive resides in the amorphous 
interstitial site, The degree of crystallinity (number of crystalline sites) and the size of the 
crystalline domains as weU as the degree of amorphous regions and the nature of the amorphous 
region (aggregated, i.e. cross-linked or no,) can be toned by the type and amount of additive, 
in turn, by controlling the above, the properties of the material can also be controlled. 

With the poly -co-dimethyl aminopropyl siloxane (5% N content), loadings ranging from .001 
,„ 20 % by weight gives highly crystalline polyaniline. The highly crystalline polyaniline m 
.urn exhibits increased modulus, stiffness, yield and tensile strengths, hardness, density and 
softening points. Thus, the siloxane a, these loadings is having an antiplasticization effect. 
Above 20K .oading, the crystallinity begins to decrease. As the crystallinity decreases, the 
modulus, stiffness, yield and tensile strengths, hardness, density and softening points begm to 
decrease. Thus, the siloxane at these loadings begins to have a plasticization effect. The 
siloxane content becomes high enough that it disrupts the polyaniline base interactions » the 
crystalline region, With the poly co dimemyl aminopropyl siloxanes having .5 and 13% N 
ratios, similar trends are observed but the particular amount of siloxane needed to have a 
plasticization effect or an antiplastitization effect varies. Thus, the degree of oystaUinity and 
the degree of amorphous regions and in turn the properties of polyaniline can be tuned by the 
nature of the additive as well as the amount of additive. Indeed, using the same additive but 
simply changing the loading dramatically changes me morphology and in turn the properties 
of polyaniline. 

The electronic properties of the polymer are also impacted. The conductivity of a polyaniline 
base film cast ftom NMP and containing .% by weight poly-co-dimethyl aminopropyl siloxane 
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which is doped by aqueous hydrochloric acid is 50 S/cm as compared to 1 S/cm for a 
polyaniline film with no plasticizer. This is isotropic conductivity. The doped film containing 
the polysiloxane retains the highly crystalline structure. 

The degree of crystallinity and the degree of amorphous regions and in turn the physical, 
mechanical, and electronic properties can be tuned by the particular additive used and by the 
amount of additive. For example, the Tg of polyaniline can be increased or decreased by the 
amount and type of additive. The mechanical properties such as tensile properties, modulus, 
impact resistance, etc. can be tuned as described above. The additive can range from .001 to 
90% by weight, more preferably from .001 to 50% and most preferably from .001 to 25%. A 
list of plasticizers that can be used to practice the present invention is given in Table 1. The 
plasticizer can be small molecules, oligomeric or polymeric in nature as can be seen in Table 
1. Theycanbemonofuntional,bi^^ The additive can also be 

removed from the final film structure if so desired by appropriate extraction. 

R parific Examples 

Polyaniline Synthesis Polyaniline is synthesized by the oxidative polymerization of aniline 
using ammonium peroxydisulfate in aqueous hydrochloric acid. The polyaniline hydrocMoride 
precipitates from solution. The polymer is then neutralized using aquoeous ammonium 
hydroxide. Tue neutralized or non-dope polyaniline base is then filtered, washed and dried. 
Polyaniline can also be made by electrochemical oxidative polymerization as taught by W. 
Huang, B. Humphrey, and A.O. MacDiarmid, J. Chem. Soc., Faraday Trans. 1, 82, 2385, 1986. 

Polyaniline Base in NMP: He polyaniline base powder is readily dissolved in NMP up to 
5% solids. Thin films (on the order of a miaou) can be formed by spin-coating. Thick films 
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are made by solution casting and drying (70 ° C in vacuum oven under a nitrogen purge for 
15 hours). These solutions and films have the properties described above. 

Polyaniline Base in NMP/Plasticizer 

a Polyaniline Base was first dissolved in NMP to 5% solids and allowed to mix well. A 
poly-co-dimethyl, aminopropyl siloxane (N content 5% relative to repeat unit) was dissolved 
to 5% in NMP. The siloxane solution was added to the polyaniline base solution. The resulting 
admixture was allowed to mix for 12 hours at room temperature. A number of solutions were 
made having from .001 % to 50% siloxane content (by weight relative to polyaniline). Thin 
films were spin-coated onto quartz subsfrates; Thick films were prepared by solution casting 
and baking the solutions at 70 °C in a vacuum oven under a Nitrogen purge for 15 hours). 
The solutions and the films have the properties described above. 

b. The same experiment described in(a)was carried out except that the plasticizer was a 
poly-co-dimethyl, aminopropyl siloxane in which the N content was 13%. 

c. The same experiment described in (a) was carried out except that the plasticizer was a 
poly-co-dimethyl, aminopropyl siloxane in which the N content was .5%. 

d. The same experiment described in (a) was carried out except that the plasticizer was 
polyglycol diacid. 

e. lb. same experiment described m (a) was carried ou, except .hat the piaster was 
3,6,9-trioxaundecanedioic acid. 
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, The same experiment described in (a) was carried out except that the plasticizer was 
polyethylene glycol) tetrahydro furfuryl ether. 



g. The same experiment 
triacetate. 



described in (a) was carried out except that the plasticizer was glycerol 



h . The same experiment described on (a) was carried out except the plasticizer was epoxidized 

soy bean oil. 

Poryaniline Base in NMP/m-Cresol/Nasticizer 

The same experiment as described in (a) was carried out except that polyaniline base and the 
plasticizer was dissolved in KMP/m-Cresol mixtures in which m-Cresol ranged from 1 to 99/o 

Polyaniline Base in m-Cresol/Plasticizer 

wnt as described in (a) was carried out except that the polyaniline base was 

The same experiment as aescnoeu w w w 

dissolved in m-Cresol and the plasticizer was dissolved in m-Cresol. 
Polyaniline Base in m-Cresol and in NMP/m-Cres.1 

^aniline Base was dissolved in m-Creso, and in NMP/m-Creso, combinations to 5% soUd, 

The m-Creso, in the latter system being the additive ranged from 1 to 99%. 

were made by solution casting technics. With increasing m-creso, content, the polyamhne 

oecame somewhat sharper indicative of some crystallinity. However, mis was stgn.ficaotly 
than observed with the siloxane plasticizer. 
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Doped Polyanilines 

1. Hydrochloric Acid and/or Methanesulfonic Acid Doped Films 
Polyaniline base films made as described above were doped by aqueous acid solutions of 
hydrochloric or methanesulfonic acid. The films were immersed in the acid solution for 12 
hours for thin films and 36 hours for the thick films. The conductivity of a polyaniline base 
film processed from NMP and doped with these acid solutions is 1 S/cm. The conductivity of 
a base film processed from NMP and 1 % poly-co- dimethyl, aminopropyl siloxane (5%N 
content) was 50 S/cm. 



2.Sulfonic Acid Doped Polyanilines 

Polyaniline Base was dissolved in a solvent such as NMP or NMP/m-Cresol combinations, etc. 
from 1 to 5% solids. To this solution was added a dopant such as camphorsulfonic acid or 
acrylamidopropanesulfonic acid (previously reported in U.S. Patent Application Serial No. 
595,853 filed on February 2, 1996). These solutions were used to spin-coat or solution cast 
films. In some experiments, the plasticizer such as the poly-co-dimethyl,aminopro P yl siloxane 
in a solvent was added to the doped polyaniline solution. In certain other experiments, the 
plasticizer was first added to the pani base solution. The dopant was then added to the 
polyaniline solution containing the plasticizer. 

The teaching of the following U.S. Patent Applications are incorporated herein by reference: 

"CROSS-LINKED ELECTRICALLY CONDUCTIVE POLYMERS, PRECURSORS 
THEREOF AND APPLICATIONS THEREOF", Application Serial No. 595,853, filed February 

2, 1996; 
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"METHODS OF FABRICATION OF CROSS-LINKED ELECTRICALLY CONDUCTIVE 
POLYMERS AND PRECURSORS THEREOF", Application Serial No. 594,680, filed February 

2, 1996; 

"DEAGGREGATED ELECTRICALLY CONDUCTIVE POLYMERS AND PRECURSORS 
THEREOF", Application Serial No. 370,127, filed January 9, 1995; and 

"METHODS OF FABRICATION OD DEAGGREGATED ELECTRICALLY CONDUCTIVE 
POLYMERS AND PRECURSORS THEREOF", Application Serial No. 370,128, filed January 
9, 1995. 

While the present invention has been shown and described with respect to a preferred 
embodiment, it will be understood that numerous changes, modifications, and improvements 
will occur to those skilled in the art without departing from the spirit and scope of the invention. 
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